such as Saccharomyces cerevisiae. Dworschack and Wickerham (1958) , using a chemical procedure for estimation of invertase, determined some factors influencing the production of extracellular and bound invertase by Saccharomyces uvarum strain NRRL Y-972.
The present study was started as a survey of species, particularly in the genus Saccharomyces, to learn their capacity to produce extracellular invertase when grown in still and shaken cultures. High yields were found in Candida utilis, an industrial species used to make feed yeast. Because invertase has various uses in food industries and for the hydrolysis of sucrose in molasses, most of the survey thereafter centered around industrial yeasts.
MATERIALS AND METHODS
Cultural procedures and the survey medium were the same as described by Dworschack and Wickerham in 1958 . Invertase activity was measured according to Sumner and Howell (1935) . Reducing sugars were determined by the Somogyi (1945) micromethod. The number of milligrams of reducing sugar formed at pH 4.5 and 20 C in 1 hr by the enzyme in 1 ml of supernatant or whole culture was used to express the invertase activity. Data were corrected for the reducing value of the medium.
The standard survey contained 3% sucrose, 0.5% peptone, and 0.3 % yeast extract. Yeasts were cultivated in shaken (aerobic) and still flasks (anaerobic) at 28 C for 5 days. In studies with C. utilis and Hansenula jadinii other sources of carbon were also used. Inocula for media containing pentoses, alcohols, and salts of organic acids were grown in Wickerham's transfers on a shaker adapted cells to the specific carbon source before their use in the final inoculation. The final medium consisted of the standard medium except that sucrose was replaced by 3 % of the carbon compound under study. All media were adjusted to pH 6.0 to 6.2.
The molasses media that were used in the study of C. utilis contained 6 % molasses, 0.3 % urea, 0.3 % phosphate buffer, and 0.1 % ammonium sulfate. The pH before inoculation was 6.5; the final pH was 5.3 to 6.6 for beet molasses and 4.3 to 4.4 for cane molasses.
Extracellular invertase activity was determined on the supernatant after centrifuging at 2,000 rev/min for 10 min. Total invertase activity was determined directly on the whole cultures, the sample being removed while the cells were uniformly suspended throughout the culture. Cantdida utilis and may, indeed, be identical with it except for the very few ascospores produced (Wickerham, 1951) . Strains of C. utilis gave high yields also (Tables 3 and 4) , so high, in fact, that only the mating types of sexually agglutinative species of Saccharomyces (Wickerham and Dworschack, 1960) have as yet given equal yields. The effluents of plants producing C. utilis as feed yeast are generally discarded. Perhaps the invertase content of effluents may be high enough to warrant recovery of the invertase, and the yeast cells may prove a rich source of this enzyme. So far as the authors are aware, C. utilis is not now used for the industrial production of invertase. Saccharomyces cerevisiae is so used, but Table 5 shows it to be inferior to C. utilis under the conditions of this study. It appeared useful to study invertase production in a molasses medium and in the standard medium containing various sources of carbon that are present in sulfite waste liquor or fermentation residues. These industrial by-products serve as substrates for feed yeast. Hexoses and pentoses comprise the bulk of available carbohydrate in sufite liquors; the kinds of sugars depend upon the species of tree from which the liquor is prepared. Residual sugars and intermediary metabolites are found in stillage and other fermentation residues. Yields of invertase with such substrates are generally high (Tables 3 and 4) . A second experiment duplicated the results unusually well.
RESULTS
Other yeasts suitable for food, feed, or fat production were surveyed for their yields of invertase (Table 2) Lodder and Kreger-van Rij (1952) state that H. jadinii is a synonym of Hansenula subpelliculosa, an organism which can produce feed yeast from certain industrial wastes of high osmotic pressure. It may be noted in comparing invertase yields of the three species, presented in Tables 2, 3 , and 4, that the yields of H. jadinii resemble those of C. utilis rather than those of H. subpelliculosa. H. jadinii does share the common ability of dip!oid species of Hansenula to synthesize large amounts of protein (unpublished data). As previously stated, H. jadinii is taxonomically very close to C. utilis. R. G. DWORSCHACK AND L. J. WICKERHAM Saccharomyces cerevisiae and the closely related species S. carlsbergensiqs are both used to a limited extent as feed yeasts. They varied greatly in the amounts of extracellular and total invertase which they produced (Table 5 ). The wine yeasts produced the least. The yields of invertase from two of the melibiosefermenting strains, S. carlsbergensis Y-267 and Y-572, and from a top fermenting strain of S. cerevisiae, Y-663, approached the yields of C. utilis. DIscussION A survey of 68 species in 17 genera of yeasts revealed only 3 species that synthesized large amounts of extracellular invertase. Had more strains of each species been tested, it is possible that a larger number of species would have been found to give high yields. The highest yields were given by Hansenula jadinii NRRL Y-1542, Torulopsis colliculosa Y-172, and Saccharomyces (Zygosaccharomyces) ashbyi Y-1598.
Nonfermentative or weakly fermentative cultures occasionally produced more invertase in still than in shaken cultures. Such yields were unexpected, since these yeasts undoubtedly produce more growth in shaken cultures. Cryptococcus albidus Y-1400, Endomycopsis fibuliger Y-25, and Rhodotorula gracilis Y-1091 are examples.
Certain strains of C. utilis were outstanding for their abundant synthesis of invertase. Strains YB-3217 and YB-3965 elaborated 3,400 units of total invertase per ml in shaken flasks. One of these strains was isolated from a feed yeast plant using sulfite liquor; the other was isolated by Lund (1954) About one-fifth to one-third of the total invertase of C. utilis and other species was extracellular at the fifth day of incubation when analyses were made. This figure agrees with those from our earlier study (Dworschack and Wickerham, 1958) made with the yeast Saccharomyces uvarum NRRL Y-972. In that strain the ratio of extracellular invertase to total invertase is more than one and one-half times greater during the first 55 hr than during the later stages of fermentation. Perhaps a similar relationship exists for S. cerevisiae and C. utilis.
Some industrial strains of S. cerevisiae and S. carlsbergensis produced extracellular and total invertase yields approaching those of C. utilis. The ratio of extracellular invertase produced in shaken culture to that in still culture is markedly higher for C. utilis than for S. cerevisiae and S. carisbergensis. Perhaps this is true because C. utilis is less strongly fermentative than the two Saccharomyces species.
There is a great difference in total invertase production between strains in both S. cerevisiae and C. utilis. The beer yeast Y-587 produced total invertase aerobically and anaerobically of 22.4 and 17.2 units per ml, respectively. C. utilis, on the other hand, is a slower fermenter than S. cerevisiae, yet 3,400 units of total invertase were produced by each of two strains, or approximately 150 times as much as produced by S. cerevisiae Y-587. One wonders, does invertase play some role in C. utilis other than hydrolysis of sucrose?
